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Abstract ARTICLEINFO 
Successful oil and gas extraction is the end goal of any 
drilling operation, which involves planning, drilling, 
evaluating, and finishing a well. Since drilling fluids serve so 
many purposes in making this possible, it is critical that they 


be carefully designed. An experiment was conducted in the lab 
for this investigation. To improve the qualities of drilling mud Ash, 
and lessen the harmful effect of organic ash on _ the 
environment and human health, this study examines the 
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behaviour and properties of drilling mud with the addition of 
different concentrations by weight of local organic ash. 
Rheological studies were conducted in the lab to approximate 
the developed drilling mud systems' physical and rheological 
qualities. Laboratory analyses confirmed that organic ash 
improved the drilling mud's characteristics. It was determined 
how well organic ash performed in comparison to barite in a 
mud system. The results suggest that the mud systems with 
organic ash performed well in terms of l, gel strength, density, 
and pH, but poorly in terms of controlling filtering loss.. 
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Introduction 

To keep the newly drilled borehole open until steel casing can be cemented in the hole, cool and 
lubricate the rotating drill string and bit, and clean the rock fragments from beneath the bit and carry them to 
the surface are all reasons why drilling mud is crucial to petroleum production. Bentonite and barite are the 
principal components of drilling mud, together with a water or oil basis and several additives. Materials like 
carboxymethyl cellulose (CMC), cement, lime, starch, graphite, lignite, and so on. These additives are 
expensive and might need to be imported. One of the less expensive additives that can boost the performance 
of drilling mud is fly ash. Since fly ash results from the burning of coal in power plants, it is considered a 
waste product. 

Drilling engineers and operators are primarily concerned with the right selection of drilling fluids and 
the variation in their properties when subjected to the circumstances of the borehole. Wellbore instability, 
extra reaming, insufficient logging, pipe sticking, excessive torque, and pipe suck-up can occur while 
drilling sensitive formations such shales, shaly sandstones, and fractured and unconsolidated reservoirs due 
to borehole hydration and dispersion of cuttings. The drilling fluid's interaction with the sensitive formations 
causes the formations to inflate and spread, leading to the various kinds of hole instability. Clays absorb 
water by osmotic swelling of their surfaces and hydration of their surfaces. Crystalline swelling is present in 
all clays, but only some smectite clays. Due to their superior performance, non-aqueous drilling fluids are 
generally accepted. They reduce borehole environment sensitivity, provide superior lubricity, and boost 
overall drilling efficiency. However, their utility is constrained by concerns over fluid disposal and other 
associated environmental costs. However, these unwelcome consequences are not linked to the use of water- 
based drilling fluids in well drilling. However, they are extremely delicate to formation properties, therefore 
a universal drilling fluid is not possible. When compared to oil-based mud or synthetic drilling fluids, water- 
based fluids are preferred for environmental reasons. Costs associated with well construction can skyrocket 
when these drilling fluids cause clay to expand and absorb water. 

When extracting any reservoir, operators will inevitably run into smectite clays. Different types of 
exchangeable cations in clay minerals result in varying degrees of swelling. In the clay structure, they 
compete with water molecules for the few reactive sites. More swelling occurs in clays with low valence 
exchangeable cations than in those with high valence cations. If you want to create an effective mud system, 
you need to know how clay expands. Inhibitors of clay swelling are used to reduce clay swelling. Still, the 
ever-tightening environmental regulations, especially in highly populated areas, slow the usage of some 
inhibitors. The engineer takes the conditions of the borehole into account while making the decision on the 
drilling fluid to use. Shear-thinning mud, as indicated by a high yield point/plastic viscosity ratio, is optimal 
for drilling fluid because it gels when circulation is shut off, holding the cuttings in suspension, but quickly 


reverts to a thin fluid when agitated by further drilling. 
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Many harmful substances, including lead, arsenic, mercury, and radioactive uranium, contribute to the 
expanding problem of fly ash waste. The most common and useful applications of fly ash nowadays are as a 
raw ingredient in construction materials like concrete, grout, and cement, or as a fill material in stabilisation 
projects and on roadbeds. Fly ash from coal power plants is a fine particulate matter collected in the bag 
houses and electrostatic precipitators. This is a common issue when constructing oil and gas wells. This 
results from the hydrostatic mud column's pressure being lower than the formation pressure. Fly ash is a 
byproduct of coal combustion used to generate electricity in industrial and power plant settings. In terms of 
raw material resources, fly ash ranks fifth globally. Over 130 Mt of Fly Ash is produced annually by India's 
energy industry, and this number is expected to rise as the country's coal consumption rises by 2.2% 
annually. 

Wet fly ash is stored on a massive scale in ponds, which results in the loss of around (113 million m2). 
The consequences for India's environment could be catastrophic if this trend continues. Grey in appearance, 
fly ash is abrasive, typically alkaline, and refractory; these characteristics describe it well. Fly ash is 
composed primarily of silica (60-65%), alumina (25-27%), magnetite (6%-15%), and Fe203 (1%-2%). The 
inclusion of fly ash in the final mud system has a significant impact on its filtering capabilities. Fly ash is 
safe for the environment and causes no problems for the soil because it is compatible with it. The soil's 
physical qualities and nutrients are enhanced even further by the addition of fly ash, making it more suitable 
for plant growth. Since adding fly ash to drilling fluid won't increase the difficulty of disposing of the fluids, 
this industrial byproduct has a lot of potential for use in oil and gas well drilling. Using xanthan gum as a 
viscosifier, polyanionic cellulose as a fluid loss control agent, potassium chloride as a shale inhibitor, and fly 
ash as a bridging agent for the control of filtration properties of the drilling fluids, this experimental work 
aims to develop an environmentally friendly inhibitive and non-damaging water-based drilling fluid system. 
When compared to other particle bridging agents used in drilling fluids, including calcium carbonate, fly ash 
is both more affordable and more lightweight (CaCO3). Calcium carbonate has a density of 2.7 g/cc, but fly 
ash is only 2.2 g/cc dense. 

Fly ash, due to its tiny particle size and cement-like qualities, has been utilised as a cement component 
for quite some time. Fly ash's useful qualities make it a potential ingredient to drilling mud, where it could 
boost efficiency by replacing more costly additives. Fly ash in drilling mud not only reduces the cost of 
these processes, but it also prevents a growing harmful threat to the environment or the disposal of wastes. 
The removal of rock fragments from the wellbore, the application of necessary hydrostatic pressure, the 
cooling and lubrication of all systems, the maintenance of hole stability, and the prevention of crossflow of 
fluids between the borehole and the formation are all dependent on drilling mud or drilling fluid. Drilling 
operations are simplified and cost reduced as a result of better selection of practical drilling fluid and 


enhanced physical and chemical qualities of the mud. 
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With this goal in mind, scientists have been looking for ways to enhance the qualities of drilling fluids 
by using additives of varying composition and size. Water-based, oil-based, and air-based are the three broad 
categories into which drilling mud can be placed. In many fields, water-based mud is preferred. Water-based 
drilling muds have numerous additions including carboxymethylcellulose, polymers, etc., in addition to the 
base solutions of bentonite and barite. Drilling mud additives in the form of nano- and micro-sized particles 
have been utilised to reduce costly filtrate losses as of late. The loss of drilling mud due to filtration into 
holes and other small void formations has a negative impact on well stability and can be costly. To prevent 
groundwater contamination, fly ash is commonly employed as a stabilising agent in drilling fluid wastes in 
the petroleum sector. Fly ash is also used in deeper offshore well drilling as a foam-able drilling fluid 
addition. 

Drilling fluids were combined with ultra-fine, micro-sized fly ash at varying concentrations, and the 
resulting changes in rheological and filtration properties were analysed. Drilling mud made from bentonite 
clay and water contains varying amounts of fly ash (percent w/v). As rheological qualities, the Fann 
Rotational Viscometer measures plastic viscosity, yield point, apparent viscosity, and gel strength, and as 
filtering properties, the API fluid loss testing equipment measures filtrate loss and filter cake thickness. 
Drilling mud with fly ash added is compared to bentonite suspensions made with water in terms of rheology 
and filtration. Because of its pozzolanic qualities, fly ash is widely used in the cement industry, and its 
bonding property helps regulate filtrate losses and guarantee solidity. 

Most of the other nano and microparticles used for this purpose are imported at a higher cost than fly 
ash. Since fly ash is a byproduct of combustion, its availability has increased alongside the growth of 
Turkey's coal-fired thermal power plant industry. By 2020, experts predict that Turkey's yearly fly ash 
production would top 50 million tonnes. Coal type, combustion technique, and the system in place to deal 
with fly ash all contribute to its unique properties. The study of the qualities of materials that govern their 
reaction to mechanical force is known as rheology, which is also the definition of rheology. Rheology is a 
very recent branch of physics; the term itself did not appear until 1929. However, the origins of rheological 
concepts can be traced back to the 17th century, when Sir Isaac Newton defined the term "viscosity" to 
describe the resistance encountered when moving through a fluid, or "the resistance which arises from the 
lack of slipperiness originating in a fluid," which is directly proportional to the speed at which the fluid's 
components are being separated. Rheology researchers also benefited greatly from the later contributions of 
other well-known authors. 

The introduction of the centipoise as the universal unit of viscosity marked the beginning of the 
deliberate creation of materials with controlled rheological characteristics. The term "yield stress" was first 
proposed by Bingham in 1922 to describe the behaviour of paints during flow. A yield value or a low 


"starting stress" was required in the experimental work of Schwedoff (1890), Trouton, and Andrews (1904) 
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to produce linearity between flow rate and stress. The critical shear stress, or yield point, of a Bingham 
plastic fluid is the shear stress above which flow begins. Ostwald, better known for the Power Law, 
developed the equation of shear rate-dependent viscosities in 1925, and Herschel Bulkley followed suit the 
following year. 
The Main Objective of This Study 
The primary objective of this study is to examine the impact of organic ash on drilling mud's 
rheological qualities in an effort to improve the mud's performance. 
The purpose of this study is to create and analyse rheologically active samples of inverted emulsion 
drilling fluid. 
e The purpose of this study is to identify the optimum concentration of Vis Plus for drilling 
fluid rheology optimization. 
e The goal of this research is to determine which rheological model best captures the behaviour 
of drilling fluid by analysing its rheology and rheological properties. 
Literature Review 
Understanding of water-based drilling mud and applications, drilling mud additives, fly ash 
characteristics, and API stand practise were all enhanced by a review of relevant issues and past research 
results. Drilling mud rheology is discussed in this chapter, as it has a significant impact on mud propetties. 
Books, articles, dissertations, and studies were consulted for this article. The following is a brief synopsis of 


the study's findings. 


At room temperature, these pozzolans, which are siliceous or siliceous and aluminous minerals, 
combine with water and calcium hydroxide to generate cementitious products. Fly ash can be used in 
construction because of its favourable geotechnical features (such as specific gravity, permeability, internal 
angular friction, and consolidation characteristics). Bituminous coal fly ash is mostly composed of silica, 
alumina, iron oxide, and calcium, with various levels of carbon as determined by the loss on ignition 
temperature (LOI). More calcium and magnesium oxide, less silica and iron oxide, and less carbon can be 
found in lignite and subbituminous coal fly ash compared to bituminous coal fly ash. There is a negligible 


amount of anthracite coal fly ash since so little of it is used in utility boilers. 


Fly ash properties 

It looked at the composition, mineralogy, surface chemistry, and reactivity of fly ash, all of which are 
crucial to the advancement of fly ash's many potential uses. 

When it comes to its chemistry, fly ash is heavily impacted by the type of coal being burned and the 
methods employed in its management and storage. There are four different ranks of coal, each with its own 


unique heating value and chemical composition. Drilling mud qualities are enhanced by additives, which aid 
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thickeners, lubricants, bacteria, corrosion inhibitors, viscosity control, clay stabilisation, formation damage, 
shale stabiliser, fluid loss, scavengers, and surfactants. Fly ash, dolomite, rice husk ash, lime, and starch are 
among the additions tested for this reason. The additives’ chemical make-up suggests that they can be used 
to regulate pH, boost viscosity and density, and lessen evaporation. Below is a summary of research on 
additives; 

To prevent harm to the marine environment from mud additives, we researched eco-friendly fluid loss 
additives. A frequently used modified starch in the mud business is shown to have static and dynamic fluid 
loss characteristics that are comparable to, or even better than, those of some starches. The newly discovered 
starch products can be employed as fluid loss additives for drilling boreholes with bottom hole temperatures 
up to 1500C, as measured by their static fluid loss qualities following thermal treatment at different 
temperatures. Starch was added to some treatments to see whether it would stabilise the coating and stop the 
slumping from happening vertically. The investigation also included a commercial fire prevention gel 
coating for purposes of comparison. 

In contrast to the commercial gel and the SB foam, coatings made with starch showed minimal 
slumping during the burn test. In rheology tests, starch samples outperformed commercial gel and SB 
samples without starch in terms of G' (elastic modulus), G" (viscous modulus), and yield stress. 
Unexpectedly, the starch-containing samples heated more slowly than the control samples. The continuous 
boundary layer (crust) that developed throughout the burn test may have played a role in this phenomenon 
by protecting the substrate surface from the intense heat, reducing the amount of exposed area, and, initially, 
decreasing the water vapour flux. To find out how long the coatings could retain their moisture under 
extreme conditions, drying tests were run at 44 degrees Celsius. 

Compared to SB foam samples, SB gel coatings maintained their moisture for significantly longer. 
Drying time (evaporation rate) was lengthened for both the SB foam and gel samples due to the addition of 
starch. Because of their high porosity and reactive surface functionalities including carboxyl, carbonyl, and 
methylene groups, adsorbents derived from rice husks that have been subjected to thermal processing are 
effective absorbers for heavy crude petroleum and petroleum derivatives. SEM analyses have found that 
thermal treatment is an effective way to enhance the porosity of husk particle structure in comparison to 
virgin samples. Microanalyses using XRD and SEM/EDAX reveal that thermally treated rice husks are 
predominantly composed of amorphous silica (Si02). Following are the conditions under which the 
treatment is most effective: Maximum sorption capacity of TRH700 was approximately 15 g petroleum per 
gramme of husks at a heating temperature of 700°C and a sorption period of 25 min in the case of heavy 
crude petroleum. In conclusion, this research shows that rice husks, which are typically discarded as 


agricultural waste, could be used to produce efficient petroleum adsorbents. 
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Drilling mud 

Depending on whether the mud has a water or oil phase, it is classified as a water base mud (WBM) or 
an oil base mud (OBM). Water-bearing microbes (WBMs) and oil-bearing microbes (OBMs) are also 
possible. The liquid component is typically hydrocarbon oil, and other components such clays or colloidal 
asphalts, emulsifiers, polymers, and weighing agents are added to achieve the required viscosity. Water 
content may also be present, but it typically does not exceed 50% by volume. An inverted emulsion, or 
water-in-oil emulsion, describes mud that contains more than 5% water. They typically include things like 
salt, corrosion inhibitors, lubricants, emulsifiers, and pH adjusters in addition to the more common 
viscosities, fluid loss control agents, weighing agents, and lubricants. The mud's continuous phase is water, 
which typically accounts for at least half of the mud's total composition. In addition to water, oil is often 
contained in mud in trace proportions, but the oil content rarely exceeds the water content. Drilling mud 
qualities can be described by measuring its viscosity, specific weight, gel strength, and filtration, among 
other key criteria. A Marsh funnel is used to determine the viscosity. The dimensions of the funnel allow for 
26 seconds of outflow time for 1 quart (926 ml) of fresh water at 70 degrees Fahrenheit (21 degrees Celsius). 
A rotational viscometer is also used to measure viscosity. Two concentric cylinders hold the mud in place. 
The spring-connected cylinder rotates at a steady rate, while the other is stationary. This cylinder's position 
is perturbed from equilibrium when torque is applied to it; this movement can be interpreted as a measure of 
viscosity. To find out if mud is suitable for making walls, it is put through a filter press. 

The alkaline-proof press chamber is cylindrical in shape. The chamber floor is lined with filter paper. 
A pressure of 0.7 MPa is applied within the chamber once the mud has been added. The volume of the 
filtrate is given after 30 minutes. Filter cakes can be hard, soft, rough, rubbery, or firm depending on how 
they look upon inspection. Methyl orange or phenolphthalein are used as indicators in acid-base titrations to 
determine alkalinity. At a pH of 8.3, phenolphthalein becomes yellow, while at a pH of 4.3, methyl orange 
does the same. When the pH reaches 8, all of the strong alkaline substances, like NaOH, have been 
neutralised. The concentrations of carbonates and bicarbonates can be determined by further lowering the 
pH to 4. Determine pH with a colorimetric test or a glass electrode device. Under simulated circulating 
conditions, a roller over can shed light on how temperature and different chemical additions influence the 
rheological filtration and chemical properties of fluids and muds. 

Drilling mud characteristics are enhanced by the use of additives. Bentonite is a thixotropic gel that 
forms when it absorbs water and expands. The micaceous sheet structure that gives these rocks their special 
quality. Bentonite is used as a viscosity enhancer or builder in a variety of applications, including drilling 
muds and fluids, concrete and mortar additives, foundry and moulding sands, compacting agents for gravel 
and sand, and even cosmetics, thanks to its high water retention capacity and high sintering temperature. 


Most naturally occurring bentonites are in their sodium or calcium form API, and an apparent viscosity of at 
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least 15 cp, which is equivalent to a slurry yield of 90 barrels per tonne, is considered to be an acceptable 
value by the Turkish Institute of Standards (TSE). When drilling into permeable formations where the 
hydrostatic pressure is greater than the formation pressure, filtration control is a crucial quality of the drilling 
fluid. The formation of a filter cake from drilling fluid fast is crucial for the efficient reduction of fluid loss. 
However, it is thin and erodes easily enough to let product leak into the wellbore during production to API, 


and the Turkish Institute of Standards (TSE) restricted fluid loss to 15 ml or less. 


Drilling mud improvement 

Drilling mud characteristics enhanced by inexpensively incorporating dolomite powder and fly ash 
into the recipe. Particle size distribution, density, pH, viscosity, and mud dispersion were among the drilling 
parameters studied to see how dolomite and fly ash affected them. Drilling mud has been discovered to share 
characteristics with barite, dolomite, and fly ash. Drilling mud with an excellent suspension property has a 
barite to dolomite to fly ash ratio of either 70:10:20 or 70:30:0 and a bentonite content of 3% by weight. 
When 3% by weight bentonite and 0.6 g/l of CMC were added, the formulas of 70:5:25 and 70:0:30 
produced similarly effective suspensions. The API standard for drilling mud has four different formulations. 

The addition of carbon ash significantly raises the yield point (YP) of bentonite dispersion, which is 
especially helpful for bentonite dispersions with a low solid content. In addition to the density test, an API 
Filter Press is used for the filtration process. It was clear from the data that both filtrate loss and filter cake 
thickness were substantially increasing. In contrast, increasing amounts of carbon ash cause the bentonite 
dispersion to become slightly less dense. In addition, we assess the durability of a bentonite dispersion that 
has been reinforced with carbon ash. 

Based on the experimental findings, carbon ash is preferable to RM instability. Carbon ash has been 
shown to have great promise as an addition for enhancing the rheological properties of water-based drilling 
fluids in this study. An extensive investigation was conducted to determine if gelation and filtration 
properties could be controlled by adding 3% w/w Greek lignite to 6.42 w/w water-bentonite solutions after 
they were exposed to high temperatures. A commercial lignite product was employed as the gold standard, 
along with two bentonites and eight lignites from various basins in Greece. The yield stress and yield point 
of lignite-free bentonite suspensions are significantly raised after being heated to 177 °C for 16 hours 
(thermal ageing). And some Greek lignites are better than the commercial product when it comes to filtering 
control of the water-bentonite suspensions after being heated to 177 °C. Both bentonites' suspensions' fluid 
loss was studied, with the identical lignite parameters used in the rheological control study. 

Weak inverse relationships were found between the fluid loss volumes of the two bentonites and the 
humic and fulvic acid concentrations of two sets of lignites. The performance of the lignite did not appear to 


be correlated with any of the other characteristics. 
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Rheology, or the study of fluid flow and its modelling, is used to characterise drilling mud and its 
properties. The study of how and why materials change shape is known as rheology. It explains how stress 
and strain evolve over time. The rheological model establishes a mathematical connection between shear 
stress and shear rate to characterise the flow behaviour of a fluid. The Bingham plastic model and the Power 
law model are both commonly used to describe the rheology of drilling mud. In this analysis, we compare 


and contrast the two models. 


Fluids fitting the Bingham plastic model have a finite yield stress before they begin to flow at zero 
shear stress and infinite strain rate. Drilling mud, clay suspensions, and other similar materials are a few 
examples. Once shear stress has been increased beyond the yield stress, the constant of proportionality 
between shear stress and shear rate is known as the plastic viscosity. Figure | is a diagrammatic depiction of 
this paradigm. Shear thinning is the reduction in plastic viscosity with increasing shear rate. 

Ifn > 1, the fluid has phase Rheopectic fluids 

If n<1, the fluid has phase thixotropic fluid 


Shear rate (Y), sec | =1.7023 x w (2.1) 
Shear Stress (T), Ib/100ft? = 1.065 x (2.2) 
Where: 


(p = the dial reading, Ib/100ft* 


® = the rotor speed, rpm 
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Figure 1: Flow curve to ideal—elasticplastic for Bingham plastic model 
[148] Plastic materials | 
Strain rate (s~!) e 


© 2023,CAJMTCS | CENTRAL ASIAN STUDIES www.centralasianstudies.org ISSN: 2660-5309 | 64 


CENTRAL ASIAN JOURNAL OF MATHEMATICAL THEORY AND COMPUTER SCIENCES _ Vol: 04 Issue: 10 | Oct 2023 
Power law model 


Shear stress vs shear rate in a log-log plot The fluid acts like a Newtonian fluid with n = 1, and the 
Power law equation is the same as that of a Newtonian fluid. When n is more than 1, the fluid in question is 
considered a dilatant. The shear rate of dilatant fluids is crucial. As the shear rate rises, so does their 
apparent viscosities. Pseudoplastic fluids are those for which n is less than 1. Similar to real fluids, the 
apparent viscosity of pseudoplastic fluids decreases with decreasing shear rate. The graphical depiction of 


Power-law fluids is shown in Figure 2. 


Tv 


| Viscous fluids 


Shear stress (Pa) 


Strain rate (s~') £ 


Figure 2: Flow curve of Power-law model [148] 

The terms "modified power law" and "yield pseudoplastic" are also used to describe this concept. The 
model depicts the movement of stress-activated flow in pseudoplastic drilling muds. Shear stress minus yield 
stress versus shear rate on log-log axes yields a straight line. 

In addition to describing the flow behaviour of most drilling fluid, this model also includes a yield 
stress value that is relevant to a number of hydraulic concerns and accommodates the Bingham plastic and 
Power law models as special instances, therefore it has found widespread application. In an API Drilling 
Fluid report, the plastic viscosity and yield point calculated using the Bingham plastic model are noted as 
rheological parameters. Other rheological models’ essential parameters can be computed using these two 
terms. 

Drilling muds, according to the Department of Primary Industries and Mines, tend to be quite pricey. 
They're necessary for figuring out how much different types of well-drilling mud systems will set you back. 
It was also determined how the filtration qualities of solutions compared to API (American Petroleum 
Institute) standard filter press machinery. After subjecting the fluid column to 100 psi of pressure for 30 
minutes, data on filtrate loss and mud cake thickness were collected. The mud balance, which consists of a 


base and a balance arm with a cup for counterweight, was used to determine the thickness of the mud cake in 


increments of 1/32". 
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Result and Discussion 

There are 10 grammes of barite and 15 grammes of bentonite in the base mixture, which is 350 cc of 
water. The sole type of ash included in the addition is organic. Four different concentrations of organic ash 
are added to the water-based drilling mud. It's the right number to use. Therefore, the new drilling mud 
consists of four percent organic ash and additional chemicals. Parameters and rheological characteristics: All 
six results from a drilling mud viscometer based on water, including shear stress and shear rate data. Shear 
stress and shear rates can be computed from the average viscometer value using the appropriate equations. 

Shear rate (y), sec ' =1,7023 x @ (2.1) 

Shear Stress (7), Ib/100ft” = 1.065 x i) (2.2) 

As shown in Figure 3, a linear adjustment is applied to the plot of shear stresses vs shear rates in order 
to select the best-fit curve for the Bingham Plastic model. The consistency plot of water-based drilling mud 


containing organic ash addition suggests that the 


fluid has the 
fluid. 


| properties of a Bingham Plastic 


Shear stress (Ibf/ft2) 


0 200 400 600 800 1000 1200 
Shear rate (sec-1) 


Figure 3: Shear stress vs. shear rate plot of water-based drilling mud with a linear correction 
For various samples of drilling mud, the Bingham Plastic model shows the correct rheological model 


to use. In Figure 4, we see a breakdown of the samples of water-based drilling mud into two distinct classes. 
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Shear stress (Ibf/ft2) 
N 
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== (water+bentonite) Shear rate (sec-1) 


=®= (water+bentonite+barite+0.5 gm organic 
ash) 
wale (watert+bentonite+barite+1 gm organic ash) 


Figure 4: Shear stress vs. shear rate plot of water-based drilling mud ((water +bentonite +barite) with 
organic ash 

Drilling mud samples show an increase in their preferred plastic viscosity with increasing amounts of 
fly ash. Bentonite's internal friction rises steadily as its plastic viscosity rises (plastic viscosity is 
proportional directly with solid concentration) 

Water-based drilling fluids' rheological and filtration qualities as affected by the fly ash ratio. Different 
ratios of fly ash to drilling fluid were tested in the current investigation, from 1% to 7% w/v. The rheological 
properties of water-based drilling mud were studied as a result of their addition. The variation in both the 
acoustic and plastic viscosities versus. The cp ratio of the mud was shown to increase up to a concentration 
of 6% fly ash, after which it tended to decrease. Drilling mud with 6 percent fly ash added had an increase in 
rheological parameters of 13 percent cP of apparent viscosity and 39 percent of plastic viscosity, according 
to the analysis. This suggests that incorporating up to 6% fly ash into the drilling fluid can improve 
flowability and mitigate issues including surge, swab pressure, differential sticking, and sluggish penetration 
rate. Choosing the pump and pressure to flow the mud from stationary places also relies heavily on the yield 
point. 

Conclusions 

Phase Bingham plastic fluids are present in the drilling fluid, and the addition of organic ash raises the 
plastic's viscosity, density, and fluid loss. Changes in yield point, apparent viscosity, and gel strength (10 
seconds) are some of the rheological parameters that are disrupted by the addition of organic ash (10 
minutes). A higher fly ash concentration enhanced the material's filtration capabilities. The refined drilling 
fluid system now offers a wider range of particle sizes. This improved the particles’ ability to bridge gaps, 
leading to thinner cakes and less filter loss. After incorporating fly ash into the refined drilling fluid system, 
the particle size was significantly diminished. The developed drilling fluid system benefits from the 
incorporation of nanoparticles because of the enhanced qualities they provide. Preparing homogeneous 


solutions requires careful attention to the order in which the polymers are added and mixed. Fly ash has 
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almost no impact on the rheological characteristics. Fly ash is comparable to other bridging agents in terms 
of effectiveness, accessibility, environmental impact, and cost. As a byproduct of many different sectors, it 
should be put to good use if at all possible. 
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